Objective: Age is an important risk factor for morbidity after lung resection. This study was performed to identify specific risk factors for complications after lung resection in octogenarians. Methods: A prospective database containing patients aged 80 years or older, who underwent lung resection at a single institution between January 2000 and June 2009, was reviewed. Preoperative, histopathologic, perioperative, and outcome variables were assessed. Morbidity was measured as a patient having any perioperative event as defined by the Society of Thoracic Surgeons General Thoracic Surgery Database. A multivariable risk model for morbidity was developed using a panel of established preoperative and operative variables. Survival was calculated using the Kaplan-Meier method. Results: During the study period, 193 patients aged 80 years or older (median age 82 years) underwent lung resection: wedge resection in 77, segmentectomy in 13, lobectomy in 96, bilobectomy in four, and pneumonectomy in three. Resection was accomplished via thoracoscopy in 149 patients (77%). Operative mortality was 3.6% (seven patients) and morbidity was 46% (89 patients). A total of 181 (94%) patients were discharged directly home. Postoperative events included atrial arrhythmia in 38 patients (20%), prolonged air leak in 24 patients (12%), postoperative transfusion in 22 patients (11%), delirium in 16 patients (8%), need for bronchoscopy in 14 patients (7%), and pneumonia in 10 patients (5%). Significant predictors of morbidity by multivariable analysis included resection greater than wedge (odds ratio 2.98, p = 0.006), thoracotomy as operative approach (odds ratio 2.6, p = 0.03), and % predicted forced expiratory volume in 1 s (odds ratio 1.28 for each 10% decrement, p = 0.01). Conclusions: Octogenarians can undergo lung resection with low mortality. Extent of resection, use of a thoracotomy, and impaired lung function increase the risk of complications. Careful evaluation is necessary to select the most appropriate approach in octogenarians being considered for lung resection. #
Introduction
The evaluation of octogenarians for pulmonary resection is a critical process, as advanced age is an important risk factor for postoperative morbidity and mortality [1] . Thoracic surgeons increasingly consider lung resection for octogenarians, as the percentage of patients, who are found to have lung cancer who are 80 years or older is 7.5-17% and is increasing with time [2] [3] [4] [5] [6] . Likely because of the increased risks associated with age, patients with non-small-cell lung cancer over 80 years of age are less likely to undergo potentially curative surgery [2] [3] [4] [5] [6] [7] . However, older patients are more likely to have local disease at diagnosis, have similar postresection survival when compared with younger patients, and have better survival with resection than with non-surgical therapies [2] [3] [4] [5] [6] [7] . When older patients are treated surgically for lung cancer, they are more likely than younger patients to undergo more limited resections than a lobectomy [8] [9] [10] .
Lung cancer is the major source of mortality in even the oldest patients who do not undergo resection, suggesting that aggressive surgical management should be carefully considered for elderly patients with resectable lung cancer [4] . Determination of which patients are appropriate for surgery as well as planning the operative approach and extent of resection is especially important in this patient population, as the operative mortality after lung resection for octogenarians ranges from 0% to 15% [11] [12] [13] [14] [15] [16] . Published risk factors for poor short-and long-term outcomes after lung surgery in octogenarians include more than one comorbid condition and poor performance status [6, 15] . However, more detailed risk models examining patient characteristics as well as the impact of operative approach and extent of resection have not been developed. In particular, the patient selection criteria may be modified with use of a thoracoscopic approach, which lessens complications in elderly patients undergoing lobectomy [17, 18] . The purpose of this study was to examine our experience with lung resection in octogenarians and develop a risk model for complications after lung resection in a series of octogenarians in the thoracoscopy era to improve patient selection, procedure selection, and risk stratification.
Materials and methods
After local Institutional Review Board approval was granted, including waiver of the need for patient consent, the Duke University Medical Center Data Center was queried for Current Procedural Terminology codes linked with pulmonary resection for patients aged 80 years or older at the time of surgery between January 2000 and June 2009. Retrospective review of a prospective institutional database maintained on all thoracic surgery patients identified demographics, preoperative functional status, the use of induction therapy, smoking history, significant comorbidities, the histology and stage of disease, intra-operative details, and postoperative course. Chart review was used as necessary to complete data collection. Preoperative performance status was based on Zubrod, or Eastern Cooperative Oncology Group scores that were included in the prospective database [19] . Any postoperative event prolonging or otherwise altering the postoperative course was recorded. Operative mortality included deaths that occurred within 30 days after operation or those that occurred later but during the same hospitalization. Unpaired student's t-tests were used to compare continuous data, Fisher's exact tests for dichotomous data, and x 2 for categoric variables. A two-tailed p value of less than 0.05 was considered significant. Univariate analyses were performed relating operative morbidity to the following 15 patient characteristics: age, the presence of diabetes, the use of induction chemotherapy, the use of induction radiation, previous thoracic surgery, history of tobacco use, peripheral vascular disease, cerebrovascular disease, coronary artery disease, smoking within 2 weeks of surgery, preoperative percent predicted forced expiratory volume in 1 s (FEV1), cancer stage, history of chronic obstructive pulmonary disease, extent of resection (wedge resection vs more extensive), and surgical approach (thoracotomy vs thoracoscopy). The variables that were significant at p < 0.20 were entered into a multivariable logistic regression with morbidity as the dependent variable and significance set at the 0.05 level. Data are presented as mean AE standard deviation unless otherwise noted. Survival was modeled using the Kaplan-Meier method, with the log rank test used to compare survival curves. The SAS 9.0 statistical package (SAS Institute, Cary, NC, USA) was used for statistical analyses.
Results
During the study period, 193 patients aged 80 years or older (median age 82 years, range 80 to >95) underwent lung resection. Demographic, baseline characteristics, comorbid The median hospitalization was 4 days (range, 1-27 days). Operative mortality was 3.6% (seven patients) and morbidity was 46% (89 patients). Patients were discharged directly home in 181 cases (94%), while one patient (0.5%) was discharged to an acute rehabilitation center and three patients (1.5%) were discharged to a skilled nursing facility. Five patients (2.6%) died in the hospital, one patient (0.5%) was discharged to a hospice, and the discharge disposition could not be determined in two patients (1%). Specific postoperative events for all patients are listed in Table 2 . The most common events were atrial arrhythmia in 38 patients (20%), prolonged air leak in 24 patients (12%), postoperative transfusion in 22 patients (11%), delirium in 16 patients (8%), need for bronchoscopy in 14 patients (7%), and pneumonia in 10 patients (5%). The 1-year and 3-year overall survival of 109 patients, who underwent resection for pathologic stage I lung cancer, was 85% and 56% ( Fig. 1(A) ). On univariate analysis using the predictors listed in Table  3 , resection greater than wedge, use of a thoracotomy, and FEV1 were significantly associated with morbidity. These predictors remained significant in the multivariable logistic model (resection greater than wedge (odds ratio 2.98, p = 0.006), use of a thoracotomy (odds ratio 2.6, p = 0.03), and FEV1 (odds ratio 1.28 for each 10% decrement, p = 0.01)) ( Table 4 ). Table 5 stratifies morbidity for several ranges of FEV1 for all patients and by operative approach and extent of resection.
Because the multivariable analysis identified resection extent and operative approach as independent significant predictors of morbidity, complications are also stratified by resection extent and operative approach for patients with stage 1 lung cancer, which is probably the most common clinical situation when a surgeon considers a resection less than a lobectomy for lung cancer ( Table 6 ). The majority of octogenarians, who underwent a thoracotomy for treatment of pathologic stage 1 lung cancer, had a complication (16 of 21 patients, 76%). The morbidity after resections more extensive than a wedge was much less in patients who underwent thoracoscopy compared with thoracotomy (48% vs 88%, p = 0.004). There were no statistically significant differences in mortality ( p = 0.63), morbidity ( p = 0.08), and hospital stay ( p = 0.29) between wedge resections and more extensive resections in the patients who had thoracoscopy. The difference in long-term survival in patients treated for pathologic stage 1 lung cancer by wedge resection and more extensive resection was not statistically significant ( Fig. 1(B) ).
Discussion
This study demonstrates that lung resections can be performed in patients over the age of 80 years with acceptable overall morbidity and mortality (3.6% and 46%, respectively). The majority of octogenarians in this series did not experience a postoperative complication despite advanced age and significant comorbidities. In addition, most of the complications that did occur were not life threatening and almost all of the patients were discharged directly home after surgery. These results compare favorably with those published from other series of lung resection in octogenarians (Table 7) [11] [12] [13] [14] [15] [16] 20] . Age should not be the sole determinant when considering surgery as a treatment option for lung cancer or other pulmonary diseases in these elderly patients.
Thorough evaluation and planning must be undertaken prior to performing lung resection in an octogenarian. However, this analysis showed that worsening pulmonary function was the only preoperative patient variable that independently predicted the occurrence of complications in this age group. This finding is not surprising, as pulmonary function has consistently been identified as important in stratifying the risks of lung resection in all patients [21, 22] . In addition, this analysis found that previous thoracic surgery, which was relatively common in the series and likely due to both the patients' advanced age and presence of risk factors for cardiothoracic disease in general, did not increase risk of lung resection in this series. Interestingly, the other significant risk factors identified in our model are related to technical surgical factors. Although appropriate patient selection is clearly critical to optimizing outcomes when considering octogenarians for lung resection, operative planning and performance also clearly play an important role.
The use of thoracoscopy independently predicted improved outcomes in our study. This result is consistent with results from previous studies that have shown that a video-assisted thoracoscopic surgery (VATS) approach to lobectomy in patients over the age of 70 years with lung cancer reduces morbidity and hospital stay compared with thoracotomy [17, 18] . These results suggest that thoracoscopy should be strongly considered as the approach of choice when technically possible in all elderly patients.
This study also found that performing a resection more extensive than a wedge was a risk for increased complica- tions. A previous study has demonstrated that extended procedures predict mortality in patients older than 70 years [10] . Balancing the potential oncologic benefits of an anatomic lung resection against the potential increased risks of more extensive surgery in octogenarians is difficult. However, the results of our study show that short-term outcomes are equivalent for wedge resections and more extensive resections when thoracoscopy is used for stage 1 lung cancer, which is probably the most typical clinical situation when a surgeon might consider a wedge resection as treatment for primary lung cancer. These results suggest that a lobectomy should strongly be considered over a wedge resection for resection of stage 1 lung cancer in octogenarians, if a thoracoscopic approach can be used. Of course, it must be acknowledged that some lesions may not be amenable to wedge resection due to either location or size, and anatomic resection must be weighed against no resection when planning surgery. The analysis did not show a statistically significant improvement in long-term survival for patients, who had a more extensive resection than a wedge for stage 1 lung cancer, but the study was likely underpowered to detect a difference. Other studies have shown that the survival benefit conferred by lobectomy in the surgical treatment of lung cancer is a function of age, with lung cancer patients over 75 years undergoing either lobectomy or lesser resection having no difference in overall survival [9] . Patients with extensive comorbidities and limited life expectancy might not realize the benefit of lobectomy over limited resection due to an increased rate of non-cancer deaths [23] . Statistical modeling is helpful in guiding decisions, but the final decision on how much surgery is most appropriate for a particular elderly patient depends on clinical judgment while considering patient preferences.
The main strengths of this study compared with other series of lung resections in octogenarians are the relatively large number of patients in the series, and that a significant number underwent a minimally invasive approach, allowing assessment of its effect on outcomes. The main limitation of this study is the retrospective nature. While we attempted to control for all known contributors, it is impossible to completely control selection bias in a retrospective study. In particular, only patients who had already been deemed appropriate surgical candidates and undergone surgery were included in the study. The study therefore only allows for fine-tuning of risk assessment, as the risk model does not contain the entire population of octogenarians who may have had a potential indication for lung surgery. A significant proportion of patients who would be considered particularly high-risk may have been screened out of the study. In Table 6 . Postoperative events for patients with pathologic stage I lung cancer stratified by approach and extent of resection.
Event
All (n = 109) Thoracotomy (n = 21) Thoracoscopy (n = 88)
Greater than wedge (n = 17) Wedge (n = 4) Greater than wedge (n = 50) Wedge (n = 38) Naunheim et al. [14] 1981-1991 40 45% overall, 30% major 15% Brock et al. [13] 1980-2002 68 83% overall 8.8% Port et al. [12] 1990-2003 61 38% overall, 13% major 1.6% Voltolini et al. [20] 1990-2005 96 18% major 9.4% Hope et al. [11] 1999-2004 20 45% overall, 20% major 10% Mun and Kohno [24] 1999-2006 55 25.6% overall 3.6% Igai et al. [16] 1982-2008 95 21% cardiopulmonary 0 addition, the heterogeneity of the study cohort may limit the ability to directly translate these study results to an octogenarian undergoing lung resection for a specific indication. The procedures in this report were also performed by several different surgeons with variable experiences with thoracoscopic approaches, which introduces potential confounders such as different selection criteria for surgery and planned extent of resection, surgical techniques, and postoperative management. Finally, the positive effects of approach on outcome in this study cannot necessarily be immediately generalized to all thoracic surgeons, considering the extensive experience of the surgeons in this study with thoracoscopic surgery.
In conclusion, lung resections can be performed safely in patients 80 years of age and older. Optimal patient selection and operative planning and performance are critical to minimizing morbidity. As with other age groups, pulmonary function tests are the most important patient factors that allow risk stratification. A thoracoscopic approach reduces the morbidity, as does performing more limited resections. Careful clinical judgment is needed to plan the most appropriate surgery for each patient.
